Accumulation of K+ is insensitive to the anion supplied with it at a solution concentration below 1 mM. Rates of K+ transport to the xylem from the same solutions are, however, dependent upon the anion present and decrease in the order NO3->> Cl-> SOI2-. Parallel effects on rates of exudation and anion transport result from kind and concentration of anion supplied and time of exposure to the solution. When high K salt concentrations are used, only linear relationships are found between solution concentrations and transport rates. However, ion concentration in the exudate increases more than external solution concentration, while exudation rate is unaffected. It is suggested that some of the ions transported are from compartments within the cells. At high solution concentrations KNO3 results in more exudation and in higher ion concentration in the exudate than is found with KCI.
The processes involved in transport of ions from the external medium into the xylem of roots continue to evoke controversy and have been discussed in several recent reviews (1, 18, 19, 27) . Liittge and Laties (22) showed that both radial transport and accumulation of K+ and Cl-have parabolic isotherms at solution concentrations below 0.5 mm. Above 1 mm uptake isotherms have several inflections, whereas transport isotherms appear linear, especially in intact plants. These (18, 22) . A passive transport to the xylem in the high concentration range is supported by others, notably Hodges and Vaadia (12) with onion roots and Minchin and Baker (24, 25) with castor bean. Liiuchli and Epstein (20) , however, concluded that lateral transport of Clacross corn roots is mediated by dual mechanisms of ion absorption which they believe to reside in the plasmalemma. Liiuchli, Spurr, and Epstein (21) suggested that ions are secreted directly into the conducting vessels by a carrier-mediated transport. This conclusion was based on the radial distribution of K+ as detected with the electron probe and evidence of numerous membrane systems in the xylem parenchyma cells. Dunlop and Bowling (7) found that the electrochemical potential of K+ range from 0.1 to 10 mm, while the electrochemical potential for Cl-is higher in vacuoles than in the xylem.
Uptake of K+ into plant cells is unaffected by the anion supplied at low solution concentrations, but above 1 mm anion effects are great (10, 22) . Counter-ion effects on radial transport of K+ are less clear (22) . Cucumber roots can be induced to exude from the xylem profusely. These roots reduce little of the NO3-that is absorbed, and most of it is transported to the stems and leaves (3) . As with tobacco (30, 31) , cucumber roots depleted of NO3-respond to a new supply of this ion with increased rates of exudation and salt transport. These properties make the cucumber root ideal for studying ion transport to the xylem.
This report compares patterns of accumulation and radial transport in cucumber roots of K salt ions supplied at concentrations below 1 mm, and transport at concentrations of 0.5 to 10 mM.
MATERIALS AND METHODS
Plant Culture. Seeds of Cucumnis sativus L. cv. Burpeeana Hybrid were soaked in deionized water with continuous aeration for 24 5 ,ul of 10 mg/liter phenyl mercuric acetate were added to each sample to inhibit bacterial growth. In transport experiments using low concentrations (as for Fig. 3 Ion Accumulation and Transport from External Salt Concentrations below 1 mM. Accumulation of K+ during a 3-hr period is the same for roots bathed in KCl or KNOS (Fig. 2) . The net uptake of Cl-from the KCl experiment of Figure 2A is shown in Figure 2B .
To study transport of ions to the xylem, potassium salts were maintained at several solution concentrations in the range of 0.02 to 1.0 mm. A period of 16 hr was found sufficient to attain steady rates of transport in the xylem at all solution concentrations. Ion and water transport rates from KCl and KNO3 experiments are shown in Figures 3A and 3B (26) , and SO42-by the methylene blue method (17) . In the experiment of Figure 1 , total sulfur was also determined after wet ashing portions of the root samples (17) .
RESULTS
Ion Accumulation and Transport from Different Potassium Salts. Accumulation of K+ from solutions containing 0.6 mm K4 was not affected by the anion supplied (Fig. 1A) . Accumulation of anions was a different matter: NO3-was accumulated at a rate comparable to that of K+, Cl-accumulation was much less, and SO'-was not accumulated significantly. Total sulfur was also determined in this experiment; expressed as SO42-, the zero time control roots had 13.65 ± 0.96 ,teq/g fresh wt and the 24-hr roots contained 15 .52 ± 1.36 ,ueq/g fresh wt, a nonsignificant increase.
Transport of ions to the xylem reached a steady rate only after a number of hours (Fig. 1B) , a frequently observed result for low salt roots (19 Roots in KNO. had higher concentrations of both ions in the exudate than did roots in KCI. However, similar regression coefficients for exudate K+ concentration on solution concentration were found for the two K salts, and the coefficient for C1-wvas nearly identical to that for NO3-.
Although exudation rates were not significantly affected by variations in solution concentrations within a K salt series, there was high correlation between transport rates of ions and water, mostly in the uncontrolled variation (variance within treatments). By use of covariance analysis the ion transport rate for each treatment mean within a K salt series was adjusted for mean rate of water transport for that series. These 'Coefficients of regression on external K salt concentration ± fiducial limits (P = 0.05). 2 Fiducial limits for means in no K salt tratment (P = 0.05).
adjusted treatment means are plotted in Figure 4 with the partial regression lines for the relationship between ion transport rate and solution concentration at the mean exudation rate. DISCUSSION Radial transport is the dominant process for roots in KNO,. During the 24-hr period shown in Figure 1 more ions were transported than were accumulated from this salt. In the same period root accumulations of K+ from the other K salts exceeded transport. Similar results have been reported for NO,3--depleted tobacco roots (31) .
Transport isotherms for KNO3 show quantitative dominance by NO3- (Fig. 3B) The results reported here show a basic difference between the processes of ion accumulation and radial transport. Accumulation of K+ is independent of the counter-ions supplied as in other plant tissues (9, 10) . Unequal uptake of cations and anions into plant cells may be compensated by exchange with ions already in the cells, or by change in organic anion concentrations inside the cells (11, 15) . Transport of an ion to the xylem may require pairing with equivalent counter-ions within the cytoplasm. Thus, it appears that if entry of one member of an ion pair is restricted, transport of both ions is impeded. In such cases transport of the penetrating ion may proceed only to the extent endogenous counter-ions are available.
In concentrations above 1 mm, ion transport is much more rapid with KNO, than with KC1 (Fig. 4) . This difference re- 
